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(54) CRYSTAL GROWTH METHOD OF GAUJUM NITRIDE COMPOUND SEMICONDUCTOR 
AND MANU-ACTURE OF SEMICONDUCTOR LASER 

(57)Abstracu 

PROBLEM "O BE SOLVED: To improve the flatness and 
the orientat onal property of crystallization, and to 
decrease th9 defect of lamination by a method wherein 
^e surface of a crystal substrate is formed in such a 
manner thai the tilt angle of the plane direction, which is 
equivalent t > specific plane direction, is set within a 
prescribed i 'alue. 

SOLUTION: A GaN buffer layer 2 is crystal-grown on a 
sapphire sul>$trate 1 having (1.-1, 0, 1) faces as the 
surface, am a QaN layer 3 is crystal-grown thereon. The 
crystal grovtb speed in the direction vertical to the (1 - 
L 0, 1) faces is slow, and the atomic migration on the 
above-meni ioned plane is intensified. As a result, a 
hexagonal g allium nitride compound semiconductor, 
which is smMth on the surface in the direction in 
parallel with the substrate surface and having uniform 
O-axial orieitational direction, is formed* The same 
effect can t e obtained even when the orientation of 
substrate is inclined by 5 degrees or less from the (1, -L 
0, 1} face a ientation 
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(54) MANUFACTURE OF VERY SMALL SEMICONDUGTOR STRUCTURE 

(57)Abstrac': 

PROBLEM "O BE SOLVED: To provide a method by which a very small hexagonal prism 
structure of a nitride semiconductor having a facet surface which is perpendicular to the 
surface of a substrate and flat at an atomic level. 

SOLUTION: After a first amorphous nitride semiconductor ^In film is formed on the main 
surface of ^ sapphire substrate, with the main surface being composed of the (000l)H^ace of 
sapphire, th> i thin film is grown to a single crystal by solid-phase epitaxial growth and a second 
nitride semtiKinductor thin film is formed on the first semiconductor thin film by vapor-phase 
epitaxial grc^. Then a mask which is composed of a silicon dioxide thin film and has a plurality 
of windows 'ormed for exposing the surface of the second nitride semiconductor thin film at 
intervals, wr ii the shortest interval being 100 On. and a numerical aperture of not less than 50% 
is formed or the second nitride semiconductor thin film and very small nitride semiconductor 
structures are formed on the parts of the second semiconductor thin film exposed through the 
windows by vapor-phase selective epitaxial growth. 
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(54) CRYSTAL GROWTH METHOD OF GALLIUM NITRTOE COMPOUND SEMICONDUCTOR 
AND MANUFACTURE OF SEMICONDUCTOR LASER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the flatness and 
the orientational property of crystallization, and to 
decrease the defect of lamination by a method wherein 
the surface of a crystal substrate is formed in such a 
manner that the tilt angle of the plane direction, which is 
equivalent to specific plane direction, is set within a 
prescribed value. 

SOLUTION: A GaN buffer layer 2 is crystal -grown on a 
sapphire substrate 1 having (1, -1, 0. 1) faces as the i 
surface, and a GaN layer 3 is crystal-grown thereon. The ; 
crystal growth speed in the direction vertical to the (1,- 
1,0, 1) faces is slow, and the atomic migration on the 
above-mentioned plane is intensified. As a result, a 
hexagonal gallium nitride compound semiconductor, 
which is smooth on the surface in the direction in 
paraDel with the substrate surface and havirig uniform 
C-axial orientational direction, is formed. The same 
effect can be obtained even when the orientation of 
substrate is inclined by 5 degrees or less from the (1,-1, 
0, 1) face orientation. 
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ffll/^fc^SBl^ft (1tM¥ 6-29574 A^M* 

^n, v-'-f 7 c ffiicjf^Tj^sjiw^mtt 

U-77-Y7c®i»)t?Si>:OffiT'fe5fe4?), 
so [0004]-;)?, GaAs ^©iy^S<D*SB^BSfe±lC 



tt. 1. 1) ffiOt^fi/N^^B^O^^t** 

'J'i/AA^ SMA^ (0. 0, 1) EODt^tijfc^^CD 

tf> (0. 0. 1) BGaA sS«±(Djt)?Bligfk;!7U 
'J' AOfSftjb^^^nxt/-'^ G. N. Kuzniaffi. Appl iedPh 
ysics Letters. 65. Nol9.2407~2409(1994)ID <. irtrS 

[0 0 0 5] S«±(CfigftLfcg<k;!fy >>A3^{k^^^Ji{i 

'1'*-K-Pttn«g (6 3) *JgDrra/-cl6tC K^fx 
[0 0 0 6] (:cD<i:3*x-yf->i7;S:f7^^i,%-C'x/<;^ 

•9-7r-f'7cffi±ti:S i 0z9'X^^mi&Lrcmt:ffV 
Journal of Crystal Growth. 144, 133~140(1994)^) o 

(a) itm^^mMct3\,f^mi\:i}V':;i.(Dmvi^& 
(om^^mto ^yr-^rmt. (6 5) ocffiiics i 

02^A>e>;S:5-7Xi' (6 6) ^iattTg{k;!Jl) -^A^ 
^Sfigft^-SSt. ^ftlDWtaSl 2 (a) ©J:3»C 
HftfB«cDGaN» (6 7) *^i^-tJg^?n-5o =t 
Ogg. GaNSfDtJffi (6 8. 6 9) ti (1, -1. 
0. 1) Bi:ft»J7r-lr«yh!b^fig?tu cn« (i. 
-1. 0. 1) ®cgiS7?|pi(D^B^fi)cSJtg*m^ci: 
^•^LTV^So g^HJSft^«6M-r^t. 012 (a) 
{C^^LfeH^lf^OG a NS (6 7) *<:^t<^0, ^ 
5lC^t>-&3HftJ^£DGaNlt*g-a-LT. 01 2 

(b) tS^-TJ:^};:, J;0:^€^HftJ^coG a 

(7 0) IS'm^-itl^o ^O^fe. GaNS (7 0) O 
fflll® (7 K 72) « (1. -1. 0, 1) ffit^rSo 

ctxt (1. -1. 0. 1 ) ffiK:Sit:?5fBio^B^figSi 

[0007] 

[0 0 0 8] Sfc. GaAsl?(D5£^^^B^»K±cOg 



(3) ^28308 1 4^ 

4 

^c&{^4^^£0*^T♦feSo cntt. ji7&B^IS^B»«± 

[0 0 0 9] ^e-tc, B5a©-9-77'(7cffi±©Ji*4g 

i^-X'h*). fiScW^^liLTlK ^ ( 1 . - 1 . 0. 
1) ffiT'Htn/c:51^cDt*<ofc}^tc;Q:S (0i 2# 

10 Bg) . cowi^xitmmmmcmm-mmtm^ii 

■f. s/c^Bi.rtica^<(7)^^p(i*^g-r5o t¥-3 

[0 0 10] ^i:T*^(D§W«. l^lSS(D¥ftit 
tcS&Mt^-'Jt^A^^k^^tJccD^B^BfiStgTjffi. & 
[00 1 1] 

[^;&«j*-r^/c4i)(D^g] ±fficog 
[0 0 1 2] M 1 cDlga^a. yN73B^Bi^^»K±tc7^;^B^ 

1. 0, 1) ffi7a{!it^%ffi73ia*^e.©^ft*^5a 
[0 0 13] '^zaymmi. •^T.^^mmt^ctK^ 

BUf^a««CO«ffi*^ ^B««0 (1. -1. 0, 

[0 0 14] m3(7)fgB^«. VX^^. A7?b1.J^b^bS« 

o<i. 1,-2, 0>:i?ip)icXh^f'7l^c{cjB^5 

[0 0 15] ^4<DI6Bm A?^Bm^»K±tC/^y7 

« rm^m^xisii^Bmtm^m^t'^mmmmfS. 

[0 016] mboyma. iLf5m^^SL±.\tfyf5^u 
mtff'} ^LMt^m^^^i^m^i^^sfimx' 
h-ox. Mie^^B«g(D«ffi*\ w^^am.(o (-5. 

7, -5) . (5. 7. -5) . (1. 11, 11), 
(-5, -5. 7) , (5, -5, 7) , (-11. 
1. -1 1) . (11. 1. -1 1) , (7. 5. 
5) . (-11.-11. 1) X« (1 1, -1 1. 



5 



(4) 



^28308 1 4^ 

6 



yjmm-r^ct^mitt^mitiivK^Lmt^m- (7,5.5). (-1 1. -1 1. o (1 1. 



5. -5. 7) . (5, -5, 7) . (-1 1, 1, - micmt^o 

1 1) . (1 1. 1. -1 1) . (7. 5. 5) . (- I0 0 2 5im\ 4(0^li. ilJj^J^^m±lCJ^-y 

1 1. -1 1, 1) x« (1 1. -1 1, 1) (B;^ffifc 10 yrs^m^fxmit:ffV':;L.mbBmmmmm^ 

fti?ffitcga-r«o [0 0 2 6] 

[0 0 18] mioyma. vx^^^. nn^Bm^m mn<Dmmmmi ut. ^m^^mmm\'^xmm 

(D<i, 1, o>xtt<i, -1. o>y3\tiicxhy4 icmmt^o 

•micm^t^m e o>m(Dmitm 'yL.mt-&m^ [ 0 0 2 7 ] 0 1 :^mmm^Bms^m (.mmm 

m^FBi^&jmicmt^o 1 ) icjam^tnmitisv a (g a n) j^it^ 

7S^^itTA:^B^Mt**'j ^'A^^fb^^i*:^?^^ [0 0 2 8] 0 1 (D^tisv ^ i^jf^it-^^mmt. m 

t^^s. m6Xim7(Dm<om{tm^i.mt-^ ^ (1. -1. 0, d mmtr^vyr-^r 

Wi*0$S^B^«73ffi{CM1-So S« ( 1 ) ±{C. 5 0 0t:T'G a N/^y 7rl (2) 

[0 0 2 0] ^9CDI8B^tt. 7^?3a^B^B»ahfcMt;?? m^nmt-t. C®±{C 1 0 0 0°CT'G a (3) ^ 

s^i (om^B^sxmt. -^xi^^m^^ cfctc^o [0029] ±Kco*m« 1 {ct5i,>Ttt, ( 1 , - 

rwiii^y)u-s7-ummoM^BmmicAy5^nmitf}V't^ 1. 0. i) m:fjmm7T^7W& H) ±{cm^m 

mi\:^^^^mm.mmis.T^m2m^H^ 5$-&/cGaN/^y7rB (2) ±(c-9-7ri'7S 

ftXgi:?:^^^, fl-pB5ie^f9»gaffi*\ ^B^B»S « ( 1 ) © c $lW|p](c c fUlErSl L/c#*g^H«<DA:^B^G 

©(1. -1. 0, 1) S?5rfii:^5:ffi;^fi*^e,(7)ffl 30 aNlC^So T^T^SG aNO (l. -1, 0. 1)®IC 

Mft*^5gJMrtcr)ffi:^{i;&wrsiii:^i^frs^|iii mv.ys^^<D^^^n&^mm< . coffirtToj^^^T 

»fOS!jfi;^)SlcH-rS, -ri'*b->'3>*^ii3i?nSfci6»c. GaN^-y^r^ 

[002 1] mi offymii. vx^*. fxff^m^m (2) a. ■9-7rf'7»« (d ©ciiii^iPi'NcocttiB 

«cD<i. 1. -2. 0>;^i6]icxhv'ry^^tcjBfi)c-r ipi14*^-9-7rt'7»«Ocffio*&J:»)fei«a±-r;5„ c 

9 ©^04^^*^-if(D»Jg;^SlcM-r5o OG a N/^y 7 rS ( 2 ) ±izm^Bl^9:r^ G a NS 

[00 2 2] ^1 1 (D^^fi. A7^B^aJg^B»«±tC/^y (3) tt. «g (1) ©c}|Ji;^(fi]tCc*llBB|p)Lfe7^;^B^B 

7rl;&i3ttTS{k;!3'J'^AlS{k^ii^o^«lg|«: ie^tc^t), ^^yr^rm. (i) Stt^frfc (i. - 

»fi!cT^*gB^BS!cfixe^#ty^9X«mi 0©^^Oi|i 1. 0. 1 ) ffi*^Jgfi£?n-5„ COD^t. (l. - 

[0 0 2 3] ^ 1 Ziomii.. jb^B^B^B^S«±{cMk 40 r'<o^.=7'<D-^-fifly—y3 >i}'^imtmtciblc. WS. 

m^-^ts^mif-u-^nmmmxh^x. m^Wu^ o/ca^^b^bG a mmjs.x^^:, g a n A-y 7 r « 

ftXS*^ SttS*#€y^:r;l/^'7^n#BiOi^S;&Jg^ (2) i«:tOcfflBei6]1t*^J;v^/cJ6(c, GaNM (3) 

■r^^ 1 O^^figaiSi:. vx^^JBfig-rscttcJ: <D¥S14feJ:c;cWiElRl14{ifttu a«^R60'>ft^,^^, 

0. TB0fa:5f7;l/^xn«ig©^B^«ffi(C7^7aB^Bgfk;?;'; Otc^S, ¥m^)iiSB^B*^P>ns C t{i«?#p;^JgO 
•i'Am{b^^#^{4SSJ?«)lcj^firr§m2£O^B^B mtci:oT«ii6T«ST-S§o *^«07^ft(4, 1^7 

«©(-5. 7. -5). (5. 7, -5). (1. 1 ii^B^^Bmm^\z^mmx%^c 

1. 11). (-5. -5. 7). (5. -5. 7), [0 0 3 0] ±ie*^^O^B^afiE«:^aiCj;n{i\ A;^ 

(-1 1. 1. -1 1) , (1 1. 1. -1 1) , 50 ^^Maymm: (1. -1. 0. 1) BtcS-s: 



-11. 1 ) mf3iiLtmmimhm^<=><omin *^ 5 « 



H(ife^s»fi(D«ffi*\ ^B^B««© (-5. 7. - 
5) . (5. 7, -5) > (1. 11, 11), (- 



[0 0 2 4] ^ 1 3 ©^^{4. VXi'^, i^^B^i^B^BS 

«<D<1, 1. 0>Xa<l. -1, 0>7^|6]lC7.h7 



sisffitcwfc ( 1 , -1. 0. 1) mtm&tti?>o 
(1. -1. 0. 1 ) stcSit;^iPi(Di^B^B«g3f aaa 

fc. *5Sg«o»«©ffl;is{a«. ±te<D (1. -1, 0. 

[0 0 3 1] 02«. *^W<Di^B^Bfi!cM*a 
2) icJ:Om^^tircm{t:ffV'^h (GaN) l^fk^ 

[0 0 3 2] mz<DmtijV't;L^.it^^mmi. m 

AC (-11.-11. 1) ffi*«Si:-r-5GaAs 
as (4) ±fC, 5 0 0'CT*GaN/^y7r» (5) «r 
^B^l^ft^-y:. C<r)±{ci 0 0 0'Ct?GaN® (6) $r 
f^^B^mtE^xm^^o G a (6) tt, G a A s 
»«(4)©<1, 1, l>^riRlCctt!b<[R)V^fc7^:^B^ 

[0 0 3 33 ±ieilfiS0g.« 2 {Ctel^ra. (-11. - 
11.1) miimG a A sSffi (4) ±{Ci^B^BfiScft? 
•y-/cGaN>'Vy77g (5) ±KGaAs»K 

(4 ) ©< 1 . 1 , 1 yysmc c ttia&iL/c^jSB^«(o 

A;^gGaN{c;g:;5„ (4) O (-1 1. -11. 
l) mt-^Ltcfs^BGali<0 (.\. -1, 0, 1) 

(5) tt, GaAs»g (4) ©<1. I, l>y; 
lB]'NtDcttiHlol14*^SnTV»i,o C<OGaN/'5-y7rJl 

(5) ±{Cfig*L/-cG a NS (6) fi. G a A sSfi 

( 4 ) <D< 1 . 1 , 1 >:^riR]tc c ttffiiRi L/-cA:afB^iga 

»c:&»). (4) ffifcWtc (1. -1. 0. 1) m 

tm^t^^o cnm^^^ (1. -1. 0, Dffifc 

OffiT¥?iT'S 0 MO c ttiH[P]7?lRl<7)^5 o fcT^;^^ G 
a NM*^}g^T't§o GaN/Vy7rS (5) ^W<Dc 
ttBBlSJtt*Uv^^cl6te. GaN» (6) <D¥fttti3J:tf 

[003 4] S?.tC, GaAsS« (4) a (1. 1, 
0) mXlt (1. -1. 0) ST-^^fCvtRITtS 
*\ Ga AsS« (4) <D<1. 1. 1 >;^[Djt c UIB 
(o)L./-c/N73^GaNS (6) O (1. 1, -2. 0) ffi 
{i^ Ga As»g (4) O (1. 1 . 0) 'NtBBffii:- 
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[0 0 3 5] *|gB^c073&«. G a A s»fi(0^tcffi 
^■f, tKTb^bS i ClF^(DflfiOjKrSi^B^»K®«^JC 

[0 0 3 6] ±m^^(Dm^s:fjmii. ic^^^ 

(cfet/->T-9-77'-f'7 (0. -1. 0. 1 ) ffitc?>fJS-r« 
ffi:^rfifi. (-5. 7, -5) . (5. 7. -5) , 
10 (1,11.11), (-5. -5. 7) > (5. - 
5, 7) . (-11,1.-11). (11.1,-1 
1) , (7, 5. 5) , (-1 1, -1 1, 1) Xa 

(1 1. -1 1, 1) m^mtmm^ysiiLx&^ct 

1. 1>X«<1. -1. \>1jmncWSiMhrcfs:f3 
^B^^BlcfjiO. aWcTOc (1. -1. 0. 1) ffi 

ti^B^-^n^o (1. -1, 0. 1) mcmm-:f5^(Dm 

yffim.tri.^rcib\z. wm\nm'jy5\^<Dmx'W-mx 
^Bmitii')^hmt^^mwmisx'^^o iu±<D% 

X't. c©/ 7 rH±tCfigft-r«i^^{i¥mi4'^iKB^B 

30 [0 0 3 7 ] 0 3 (i, *^Oj£Sfi!tS^rS 9»SI 
3) ti:<i;f)Jg^*n/-cg{l:;*fU'J'A (GaN) mt-B^ 

i¥^mw(ommx$>^o ■ 

[0 0 3 8] m3(rmitm^L.mt^^m^ii. m 

A(i\ (1. -1, 0. 1) S^gr^ffit 1-^-9-7 r-TT 
W& (7) ±fCS i 02*^P,&SVX^ (8) igrjgfiic 
U 5 0 0lCT-GaN>'Vy7r^ (9) ^JSafigS^ 
•li:^ iHO±K: 1 0 0 Ot:TG a N)i ( 1 0) ^i^e^figft 
^^tTJgfiEf^o GaN^ (1 0) a. •y-7ri'7»K 

(7) (Ocimmiccm'^f^^^^rcA^^Bm^Btrji^o 

40 fc, vx^' (8) (om^imwoimicr^ctii^X't 

[0 0 3 9] ±ie<D^S©e®3tCfca^Ttt, VX^' 

(8) ^m^Ltcmc (1. -1. 0. 1) ©Tjiuto-y- 

771'7»S (7) ±tCGaN/'5.y77'fl (9) 
figft^^i, C(0GaN/Vy7r®±{CGaNS (10) 
^fiB^B^m^^^„ C 9 LTJgfig^nfcG a ( 1 
0) a, «f|fSOIIS!0gffil tISlttlfC, ■9-77"C7»fi 
(7) ffifi:JPiT?^|pl<r)ffiT'¥ifT'fet)MOcMEip]:^[pi 
<Oi^-^rct<f5^BG a N«*^Jg^SnSo H8fBi^*S^I5 
» (HI 2) ©•9-7r'C7«g©cffi±©a«?i^a«fti: 
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G a Nmim^n^o 

[0 0 4 0] :^m^m^B&mmii. ±Mi<Dmmm 

3<D<J:3tc»« (7) ±(i:v7.^ (8) ?rl2tt-5#^T- 

©Steffi e.-r, a:^b1.s i c^^©{fioA73i,i^B^B» 

[004 1] ±te*^©MS?MB^^S^ati:j;ntt\ 
/N*Si^S»ffi©ffi?3{Si«r (1. -1. 0, Dffitca 

jsac*!). ^©ga*^ (1, -1, 0. 1) mttji 
So (1. -1. 0, \) mcm.i5n(m^uWLm& 

nsfcfec. ^jf* (1. -1. 0. 1) mtm^-^ 

±ie© (1, -1, 0, 1) ffl 

[0 0 4 2] 04 tt. i^mn(m^n^mm msmm 

4) tc<fct)jefi!cSn/ca{b;«j>J'i7L. (GaN) ^{k^ 
[0 0 4 3] 04<D§<l:*''J'J'A^{l:-&tl¥3»fta. 

(1. -1. 0. I) m^mmtr^v-yr-fj 
Sffi (7) ±fc. <i. 1. -2. o>:^iPitcxh7-r 

■T^(DS i OzA^e.^SrSVT.i' (11) ^JgjjgU 5 0 
0°CX'GaNA-y77m (9) ^JSs^^ft^'i*-, il(D± 
fCl 0 0 0 tT'G a N® ( 1 0) «ri^SfiScS^-i*-T}g^ 
■rSo COGaNH (1 0) •9-7r'1'r»R (7) 

2) (1. -1. 0, 1) m (1 3) (1. 
-1. 0. 1) ffi. fe3-:jJoffljffi (1 4) (0. 

0. 0, 1) ffi (cS) fc^So 
[0 0 4 4] ±IBO|ISBg^4<0-=rX^ (1 1) t5 
^ISSBK^StcfettSTXi' (8) i)\ ^yr^TWSi 

(7)0<1. 1. -2, 0>l5H^XVv4-:tmm 

A>3B^GaN^ (1 0) *^GaN/Vy7T^ (9) ±ic 

s (1 0) (mm (1 3) *Mi. -1. 0. 1) ffi. 



fto5<DGaN®OilJffi (1 4) A^cffifc5:-5, (1,- 

1. 0. 1) ffitcSit^isi©itSB^]Sgjigf4a<. 
^mrs (I. - 1 , 0. 1 ) mr-h^^ ii3) tm 

fiJt^nS. flOffi (1 4) (Dcffifi (1. -1. 0. 1) 

[0 0 4 5] :^mn(D^^^B^9:ii'mi. ±ti<Dmmm 
4(D^oicmi (7) itvx^ (11) ^m^^m^ 

[0 0 4 6] ±iE*^^{4. ^yr^rm'Knm^icm 

20 tJifflT'tSo A:??^bS i C»«<?)^K:C4. S i c» 
^0(1. 1. -2. 0) [ST(D'\trJ^tTX(f. Ga 
(1 0) O'Nffggffi^fiS Ci: j&^T't. 4^^^- 
ifOS^-ffi^JBfiSt-rSiltA^TtSo C©^. Xh 

[0 0 4 7] 05 a. :^mM(DmFB^my5m (mm^m 
[0 0 4 8] msomitiiV'yL.mt^^mi. m 

30 Atf. (-11.-11. 1) ffi^SBt-rSGaAs 

(1 5) ±ICS i 02*^P>^Svx^' (1 6) 
5 0 0'GTGaNM'-y77S (1 7) ^^^B^afigg 
t-^. C<D±tC 1 0 0 OICT'G a N« ( 1 8) ^^FbI^ 
m^XB^t^o GaN» (18) a. GaAsSfi 
( 1 5 ) (D< 1 . 1 . 1 yyjf^lc c W(p]t^/cA73B^i^ 
slit^So :ftt5. VX^ (16) ©JK^ttmaO)g4>;tC 

[0 0 4 9] ±te(D**UgS5(Ct3V>T(4. VXi? (1 
6) ^B^LtcmiC (-11.-11,1) B??fi<DG 
« aAs«« (1 5) ±CGaNA-y7r» (1 7) 
Blifi!cS?-1*-> i:^DGaN/^y77»±^CGaN» (1 
8) ^i^B^JSgfi$-S5o C^UTJgfiE^n/'cGaNg 
( 1 8) t<if3<05fe5SJ|g»2 tmrn^C. G a a sSS 
(15) ffitc¥tWlPlC)ffiT-¥?»T'fef)fiOclSElRl7j 
|B)0^5ofcA73^BG a NilA^ffM^nSo H5feite*s^ 
(01 2) <0-9-7r-i'7SiKOcffi±<D3imB^B^S 

tm^o. mis^B^mw^ti^m^^icts^^^xi^mii 

B^GaN»AMie>nS„ 
so CO 0 5 0] ±tB<D*Si0gU8 
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5(OJ:3{ca« (1 5) ±iC-^7.f (1 6) ^mif^iS 

Sa-r/WX^IJi. 0l)A{f0 1 1 <D«^0%)t^f 
F5r««ttOG a A sS^tEfiSc-TSil t!b^T*$5„ 
??.{C. GaAsS« (1 5) a. (1. 1. 0) ffiX 
ti (1. -1. 0) ST'S^lCvtgaT'^^A^ GaA 
sS«(15)<D<l. 1, l>?5ilfijtCclttlBlRlL/-cA 
Tae^CaNB (1 8) £D (1. 1. -2. 0) ffiti. G 
a A sm. ( 1 5) O ( 1 . - 1 . 0) 'Ntr^rat-gJ 

CO 0 5 1] ±fB*^B^©^B^Bfigg;^iSti:tiv^T«, it 
*B^igB^lc43V^T1J-7r-r7 (0, -1. 0. \)WiC 

n^t^m-nmt. (-5. 7. -5) . (5, 7. - 

5) . (1, 11. 11), (-5, -5. 7) , 
(5, -5. 7) . (-11, 1,-11), (11, 
1. -1 1) , (7. 5. 5) . (-11,-11, 

1) xfi (1 1. -1 1, 1) mfi'&mm.mn^-^ 

^Blg^»«<D<i, 1, \>Xii<i. -1. i>:??i6i 
{Cc«&gBlpltfc7N73B^^^{C:5:t>, ^oaffi*^ (1, - 
1, 0, 1) ffit^ffl^ffit^^o (1, -1, 0. 

-1, 0, 1) mti^Bj^fsti. i)^-ocmsik^m(D^i 
CO 0 5 2] 06(4, *^<oiiesfi8ft^^ mmm 

6) tCci:OJ^fig^n/-cg{l:;!f';'>A (GaN) mtB^ 

CO 0 5 3] memitm '^i.mt^w^a. m 

(-11,-11, 1 ) ffi^SSfc-rSG a A s 
aiB (1 5) ±1;:, <i, -1, o>y;micxhy^-/ 
^<DS i 02*^?.5:S-eXi' (1 9) ^m^U 500 
^T*GaN-'^y77'S (17) ilfl[)± 
IC 1 0 0 Orr-G a N» ( 1 8) ^3^B^Bfig«^-B-TJg^ 
t^o COG aN» (1 8) a, Ga A s»fi (1 5) 
<0<l. 1, l>75lPlKcflll*^|SlV>fcA73^^fci5: 
0, ±ffl (2 0) *U1, -1, 0, 1) ffi, iffi (2 

1 ) *M 1 . - 1 . 0, 1 ) ffi, i>5~:^(oms (2 

2) *^ (0. 0, 0. 1) as (cS) 



CO 0 5 4] ±m(DmmBm6(D-77si^ (1 9) if[ 
teil3Sgffi5tfeltSVX<> (16) GaAsftfi 

(15)<D<1, -1, 0>7^|SlK:Xh5l'mcjgfig 
^nfctOT'S^o **li(iJB.^T'a, i^a1ifiEftffl«*^$iE 

l^B^Bfigft-r § c < ¥?f ^fioaM^RS<ry>;5:v^A75 
B^aGaN* (1 8) *^GaN^^y7r» (17) ±lcm 
^n^o $f.{C. Xh^-CT^jcj^B^aj^SL/cG aNg 
( 1 8) msm (2 1 ) 1 , - 1 , 0. 1 ) ffi, fS 
10 :?J©GaNB<DiB!lffi (2 2) jb^cffifcftSo (1,- 

1, 0. 1) micmm\^<Dm^a^mmim<. c(o 

¥?i* (1, -1. 0, 1) mx'hmm (2 o 
^^nso tJffi (2 2) ocsa (1, -1, 0, 1) 

CO 0 5 5] ±tmsmm6 

(Diiolcm^Xl 5) ±tvX^ (19) 

SX b 9-"0)'e^8S^tCfflV>« 

ctti^v^^. ^/c, xh^-r:/«jfi]i±ffi{4ipjf-{?^ 

C0056] S^K. GaAsSffi (1 5) « (1, 

1, 0) mtfcii (1, -1, 0) ^x^Bic^^mT 

GaAsSfe (1 5) <0<1, 1. l>73lnIfC 
30 c«iBlfilbfc7N:??^GaN» (1 8) © (1, 1,- 

2, 0) ffi{4, GaAs»« (1 5) © (1, -]. 

0) ^trmt-m-^rzib. m^ic^tmm^Bi&x 
*5o vt-ox. miT.h'y-crmm^ymimtLx. 

GaNM(15)©(l. 1. -2. 0) 'NtME*^ 

^-tt^mwu-'fmiitr^ctt^xt^. coy 
mx$>^o 

CO P 5 7] ±8E*^^«, GaA sW&oym^im^ 
« -r. it^SS i C^^(Dflfi(D35:^B^BiKB^Blfe|g<D«^fCfe 

mmx't^o 

CO 0 5 8] 07 tt. :^mn(D^mti'i^-*f(oms^m 
(mmmi) (ojMmxh^o 

C0 0 5 9] ^f^4?)lc. (1,-1. 0. Dffi^rS 
ffitf^nSS i C*>e.:&S»« (2 3) ±(C5 0 01C 
T-nSiGaN^^y7r« (2 4) ^^^^At^^ C<0 
±{C1 OOOtTnSGaNB (2 5), 8 0 O'er* I 
nG aNStt® (2 6) , 1 0 0 OtT'pSA I G a N 
^(2 7), 1 OOOTT'p^'G aNM (2 8) ^Wl^^ 

50 f^mm-i-<±^. cni^oym^B^mm (24, 25, 2 
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6> 2 7. 2 8) (2 3) (D cimf^K: cWi^l^ 

Xi^rds^Wmtrji^ {mi (a) ) o 
CO 0 6 0] i^C. iJSpSG a (2 8) n 

i c»« (2 3) o<i, 1. -2. o>;^riR]tcx 

h^-TT^OS i Oz^T.^ (2 9) ^JgfigU 1 0 0 
OTCT-pSGaNS (3 0) *i^B^figft?-^«o COp 
SGaNB (3 0) S« (2 3) O c tt;?[p|lc c lA 
*^ipH/^fc7^7^^Bi:;&»). ±ffi*Mi, -1. 0. 1) 
ffi> ffillffi*^ (1, -1. 0, 1) ffi. t)^-:^©!!®*^ 
(0. 0, 0. 1) S (cii) tii^ (07 (b) ) , 

[0 0 6 1] m,^X. -^7,^ (2 9) LT. 
W^mS iOz-rX^ (3 1) , pWm (3 2) Rl>*n 

(3 3) ^Bm-?> mi (c) ) o as 

(23)<D(1. 1, -2. 0) aDT-'^t^LT^^^I¥^4: 
[0 0 6 2] ±KcD|li5gJe® 7 Oit^»{*b— tfOSiST? 

ffitci3i->T«, t-r*!]46(c. (1. -1, o; Dffi^ 

SffltTSnSS i CS« (2 3) ±lc. ^^^77® 
(2 4) ^m.mc\k I n G a NrS&14^ (2 6) ^^ts^ 

■T)W\7-uimffMm (2 5-28) ^mm^o m 

^SiiA^€.n§o ;>:IC. l©SJggg4i:IBI;^5:^S^ffl 
V^T. nSS i C»tg (2 3) ±<0< 1 , I, -2. 0 
>7a|p]{C7.h7-l'7^(DpSG aNM (3 0) ^Jg^f 

pSGaNS (3 0) tm^n^o C^LTffenfcU 

-• *f^Bi.c. pSGaNS (3 0) ±mD^m\m<D^ 
i/^fcs i 02*6aBi (3 1) ^fefS.Lx-h^hpmm (3 

(2 3) © (1. 1, -2. 0) WG<D^^m:Vi 

i^B^smo) (1. 1. -2. 0) 'Nt^^^ 
[0 0 6 3] 08 ^^Bm^m^u-^omsj^m 

[0 0 6 4] S-f«3«)K:. (1. -1, 0. Dm^m 
ffit-r^nSS i C-h^^fji^WS. (2 3) ±t5 0 0t; 
T*nSGaN/W7r» (2 4) ^rMs^a^ft^-li-. CCO 
±{cl OOOICT-nSGaNg (2 5) . 8 0 O'er- 1 
nGaNgtt«(2 6), 1 0 0 O'CT'pSA I G a N 
»(2 7), 1 000"CT'pSGaN» (2 8) ^IHi^ 
i^elrfigft^-ar^o Ctl<b(mPa^Sm (2 4. 2 5, 2 
6, 2 7, 2 8) aS« (2 3) <D c $«P?|fi|JC c 
V>/-cA:^B^t«:5 (08 (a) ) o 

[0 0 6 5] Mc. ±l2pSGaNS (2 8) ±{C. n 
SS i CIUS (2 3) ©< 1 . 1 . - 2. o>;5i^fc:x 



h^-^yt^OS i 02-7X^ (3 4) ^JgfigU 8 0 0 
■CT'Z n V-ZTMrnA I n G a NS (3 5) «rfiES?-& 
CCD] nGaN^ (3 5) tt. »R (2 3) Oc«6 

:f5miccmti^\^^^rct^y;PBtrjii). ±mti^ (i, -i. 
0. 1 ) mmi)^ ( 1 . - 1 . 0. 1 ) ffi. 1 3-;^ 

<OfflJffi*< (0, 0. 0. 1) ffi (cffi) t^-S (08 

(b) ) o Zn K-:/ii5ataI nGaN« (3 5) <DA 
y -y ^(i I n G a mm (2 6) J:»J/h? < L 

TSits (2 6) <m^«m-^'^^o 

«o [0 0 6 6] ig!V^T, VX^ (3 4) *l^tT, 1 0 

OOtT'pSGaN^ (3 6) ^JSa^BfiStfi^-ii/c^, p 
(3 7) RUnWrn (3 8) ^J^fitTS (08 

(c) ) c Stg (2 3) O (1. 1. -2. 
0) ffiT-\tggLT¥IW4:U— ffOS^-ffi^J^figt- 
[0 0 6 7] ±fEcO^IS85»,«8©¥»f*b-+fOmi5 

jSlCfeV^Tti, lliM5Jg^7 t|BlfilfC-'Vy77'« (2 4) 

T\ pMGaNl (2 8) ±tc. nS^S i C»K (2 
20 3)0<1. 1. -2, 0>75ri6)ftXh5-r7^©iSS 

ttl nCaNH (3 5) ^ 8 0 0 -CT'Jf^figf 5o HffiJg 
® 4 i:|Biai:&5aiSte ^ffi*^¥jfT'aM^R§*^'>^ 

Sami nGaNS (3 5) tim^il^o CoLXm^ 
nfcP-Hf*aa,»C. pSGaNM (3 6) %1 OOOt 

xmi&Lx-b-^^pmm (37) ^fl^fig-rntf. wmm 
-^^m^ctt^x^Zo nms i csfi (2 3) © 

(1, 1. -2. 0) BT'CD-NtW^fT^tf, ^fiS<D 
30 (1. 1. -2. 0) 'NtBffiS*ISSCi;*^T'#. ^ 

f^b-lf CDS ^-ffi^flgfiScf § C tm'^ 5o C ©fiffi 

5o 

[0 0 6 8] 09 tt, *|gB^O^#tt:U— »f©S!iS:?^jS 

(5IS©^^9) (DIg0T'fe§o 

[0 0 6 9] S-fSJfetC, (-11.-11, Dffi* 
SffifT^nSGaAsSig (3 9) ±{C5 0 0tT'n 
mCaN^'^yyrS (4 0) ^i^B^figfi^-&, CO±lC 
« 1 OOOfPnSGaNji (4 1) , 8 00'CTI nG 
a NgM (4 2), 10 0 OiCT-pSA 1 G a NM 

(4 3), 1 OOOtT'pSGaNH (4 4) *|lli>D^ 
if^fi^HirSo CneOi^B^fig©! (4 0, 4 1. 4 
2. 4 3, 4 4) (3 9) (D<1. 1, 1 >7?|oI 

fCclfi*^(6H,>/c:A73B^Bt%S (09 (a) ) „ 

[0 0 7 0]:>JtC, pSGaNS (4 4) ±ti:, nStG 
aAs»«(39) 0<1, -1, 0>7j|p)lCXb^l' 
■mcDSiOz-rX^ (4 5)^JgfigU lOOOtT' 
pSG aN^ (4 6) ^i^^B^m^^o CiDpmC a 
» N« (4 6) a, «S (3 9) 0<1. 1. l>7j|nl(C 
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c ^/c A:^B^ t % t». ±ffiAUl. -1, 0, 

1) ffi> iiiffi*^ (1. -1. 0, 1) ffi. i>o~y3<Dm 
ffi*'5 (0. 0. 0, 1) ffi icM) ta^ (09 

(b) ) , 

[007 1] m^^r. -rx^ (4 5) msLT. wm. 

W0ms i Oz^T.^ (4 7) . (4 8) mSn 

mm (4 9) ^jBfiSct-^ ®9 (c) ) o mmt. as 

(3 9) O (K -K 0) ST*'Ntg3LTiti#i*^- 
[0 0 7 2] ±M<0^mmQ<r>^WV-^(0^}5 

stcfei^Tti. fr*]ii)(c (-11, -11, \)m^ 

«ffifrSnSJGa AsS« (3 9) ±tC, M>y77H 
(4 0) I n G a (4 2) J^ty^ 

y;l/'N-rn^Jg(OigB^B]I (41-44) ^T^m^o H 
Si9^«2i:|Bl«<D^»{Ccfc?), ¥?lT'«l^|i(|(D'>-5:l> 

l^T. G a A sSS (3 9) ±CD< 1,-1, 0>:;^|p) 
iCXh^'fT'l^OpfJGaN^ (4 6) ^ffMf-So H 

ssf^ffi 6 1 mmfi^mc ^ d ^ ^mif^mx-wmifim'^ 

aNB (4 6) *^?fP.n«o caLTffe.n/-cb— »m 
B^stC. pSGaNM (4 6) ±g|50«ffitC^.©g3l''fc S 
i O^mm (4 7) ^fg^LT*^5p»ffi (4 8) ^ 

U-^^B^^ C t *^T't So n S G a A s S« 
(3 9) O (1. -1. 0) STO'NtM^mif. ^ 

B^fiEfiScD ( 1 , 1 , - 2 . 0) ^Ntr^ra^tis c i:*^ 

[0 0 7 3] 0 1 0«. *^<D^|iSW*l/-1f(Difit?^ 
ffi (mmmi 0) OX@ET-««, 

[0 0 7 4] S-flSUftK:. (-11,-11. 1)®^ 
^ffit-rSnSGa As»K (3 9) ±lC5 0 0'CT'n 
SGaN/W7r» (4 0) ^1^^Bl&&t^. C(0±\C 

1 OOOtT-nSG aNM (4 1). 8 0 01CT*lnG 
aNgffiI(4 2). 1 OOOTT-pSA 1 GaNS 

(4 3). 1 OOOtT'pSGaNM (4 4)^)®:^ 

B^fi8Ss-&5o ani^oM^B^mm (4o. 4 k 4 
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